plane, and fixation method. In selecting an appropriate surgical approach, surgeon/patient preferences and expectations should be considered in relation to risk/benefit profiles, including potential complications. However, no large-scale scientific study or systematic review has compared complication rates among the various open and endoscopic browlift techniques.
In a recent systematic review, Graham et al 42 summarized the outcomes of 15 studies that used endoscopic or open browlift techniques. Alopecia, dysesthesia, and scarring were the most common complications of open procedures. Alopecia, dysesthesia, and asymmetry were the most common problems with endoscopic browlifts. They concluded that the evidence did not indicate whether the open approach is inferior or superior to the endoscopic approach. However, their study addressed complications only in a broad sense. They did not analyze the weighted probabilities of the various complications, nor did they compare complications among the various open techniques.
The present study was designed to systematically review the relevant literature to determine the complication rates for a variety of surgical techniques for aesthetic brow elevation. This study addresses the question, "Do the complication rates differ across open and endoscopic approaches based on incision site and plane of dissection, and if they do, what are the differences?"
MEthOds

Basic Study Design
This systematic review and meta-analysis was conducted using an a priori protocol.
Literature Search
The following electronic databases were searched independently by 2 reviewers (S.B. and I.M.): MEDLINE, EMBASE, CINAHL, Cochrane Library, Web of Science, controlled-trials.com, and clinicaltrials.gov. The keywords used in the search were brow or browlift or eyebrow or forehead AND surgery. In databases with a hierarchical structure, the search terms were mapped to subject headings and expanded to include specific subheadings. To ensure that all relevant articles were captured, limits (exclusion keywords) were not applied. The searched literature included all studies published from January 1980 through January 2012. A librarian trained in health research methodology was consulted to ensure the validity of the searches. The inclusion and exclusion criteria used to select the studies for this review are listed in Table 1 .
Article Selection
The article selection process involved multiple stages, completed by both independent reviewers. First, titles and abstracts were scanned for relevance. Then the full text of selected articles was reviewed for eligibility criteria (Table 1) . At each stage, any disagreement in article selection between the reviewers was resolved by discussion. A third assessor (A.T.) was consulted when necessary. The references of the included studies and recent review articles were scanned for possible "missed" articles. 
Data Extraction
A data extraction form was created. It included fields for the first author's name, year of publication, study design, sample size, and types and number of each complication. This information was collected for each article by the independent reviewers, and disagreements were resolved by consensus. Studies that did not include all data points were eliminated.
Data Analysis
The data extraction process was performed independently by each reviewer and data forms were compared to ensure consistency. A quality assessment was performed on the included studies, using the methodological index for nonrandomized studies (MINORS) criteria. 43 Level of agreement between the independent reviewers was calculated using the κ statistic for each study selection process.
Publication bias was assessed using a funnel plot. Without publication bias, we would expect to find a similar number of studies reporting small and large proportions. Heterogeneity among studies was assessed using the Cochrane Q test, with significance set at a P value of .1. The I 2 statistic was determined, which represented the percentage of total variation across studies due to heterogeneity.
We planned, a priori, to use a random-effects model (DerSimonian-Laird) because of the inherent heterogeneity and limitations of case series. From this model, we calculated the pooled weighted proportion of a complication for each surgical approach and plane of dissection. The random-effects model assumes a random distribution of the true estimate of complications, with the midpoint of this distribution being a pooled estimate; therefore, both withinand between-study variations are factored into the calculations. In contrast, a fixed-effects model assumes a fixed "true" estimate and only considers within-study variation in its calculations. Pooled estimates of weighted proportions were reported along with 95% confidence intervals (CIs). Data analyses were performed using StatsDirect software (version 2.7; StatsDirect Ltd, Cheshire, UK).
REsuLts
Literature Search
The literature search returned a total of 7920 articles: 4262 from EMBASE, 1782 from MEDLINE, 421 from CINAHL, 923 from Web of Science, 352 from Cochrane Library, 86 from controlled-trials.com, and 94 from clinicaltrials.gov.
The study elimination process is summarized in Figure 1 . After deletion of duplicate studies, 4805 papers remained. Elimination by article title reduced the tally to 1233 studies. Elimination by abstract reduced the pool to 181 articles. The final elimination, by full text, resulted in a total of 82 articles meeting the inclusion criteria ( Figure 1 ). These 82 studies, which included complication data related to aesthetic browlift surgery, comprised the data set for this review. (Most of the eliminated studies were case reports with no quantitative data, letters to editors, or commentaries.)
Reviewer agreement data are shown in The number of patients in each study is shown in the Appendix, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] stratified by surgical approach and plane of dissection. The sample sizes ranged from 11 to 1000 patients.
Quality of Evidence
Eighty of the 82 studies were retrospective chart reviews. There were no randomized controlled trials, but there were 2 cohort studies that compared endoscopic and open surgery. The MINORS scale for methodological assessment was used to appraise the quality of the included studies. The mean MINOR score was 14.10 for the noncomparative studies (range, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . For the 2 comparison studies, the mean MINORS score was 19.0 (range, [18] [19] [20] .
Browlift Techniques Among Studies With Complication Data
As shown in Table 3 , the most commonly used surgical approaches among the 82 studies were anterior hairline incision with subcutaneous dissection (11 studies), coronal incision with subperiosteal (7 studies) or subgaleal dissection (7 studies), and endoscopic approaches with subperiosteal dissection (32 studies). The lateral (2 studies) and midforehead approaches (3 studies) were less common. Endoscopic techniques were used in 35 studies and open techniques in 49 studies (Table 3) . Overall, more patients underwent open procedures.
Complications of Browlift Techniques
Both open and endoscopic procedures were associated with a range of complications. Among the entire study population (all browlift techniques), unacceptable scarring (n = 42) and hematoma (n = 44) were the most commonly reported complications. Funnel plots based on unacceptable scarring and hematoma outcomes for all techniques did not show publication bias ( Figure 2) . Rather, the plots demonstrate that most studies had similar proportions of unacceptable scarring and hematoma (close to 0.0), with very few studies having higher proportions of these complications (up to 0.1).
Weighted proportions of the most commonly assessed complications by incision site and plane of dissection are shown in Table 4 . Alopecia (3.0%-8.5%), motor branch nerve injury (0.0%-6.4%), paresthesia/dysesthesia (0.3%-6.2%), and unacceptable scarring (1.4% to 3.6%) were the most common complications among all browlift techniques (Table 4) . Overall, a larger proportion of complications occurred with endoscopic (vs open) procedures. The complications that occurred most frequently after anterior hairline incision with subcutaneous dissection were alopecia (8 Table 4 ). The complication data for other planes of dissection with anterior hairline incision were insufficient for analysis.
The most common complications of coronal incision with subperiosteal dissection were motor nerve injury (zygomatic nerve, frontal branch of facial nerve) (6.4% [2.5%, 11.9%]), unacceptable scarring (2.5% [0.3%, 7.1%]), and hematoma (1.0% [0.0%, 3.8%]). In contrast, the rate of motor nerve injury for coronal procedures in the subgaleal plane was 0.0% (0.0%, 0.0%).
Endoscopic techniques with subperiosteal dissection were associated with the greatest variety of complications ( The present systematic review documents complication rates for a variety of browlift techniques across 82 retrospective and prospective studies. The aim was to determine the weighted probabilities of complications based on incision site and plane of dissection, which had not been demonstrated previously.
Our findings show that, in studies with complication data, endoscopic browlifts are performed predominantly in the subperiosteal plane. Endoscopic lifts were associated with more complications than open approaches and with a greater variety of complications (Table 4) .
The most probable complications of endoscopic lifts are paresthesia/dysesthesia (6.2%), asymmetry (3.6%), and alopecia (3.0%). Similarly, Graham et al 42 noted that dysesthesia (0%-57%), alopecia (0%-19%), and recurrent asymmetry (0%-9%) are the most common complications of endoscopic techniques, although weighted probabilities were not calculated in their study. Elkwood et al 90 conducted a national survey of complications from 3417 endoscopic browlifts and reported alopecia (2.9%), reoperation (1.8%), asymmetry (1.2%), and sensory loss (0.6%) to be the most likely complications.
Our study demonstrates that paresthesia/dysesthesia (0.3%-5.4%), unacceptable scarring (1.4%-3.6%), and alopecia (8.5%) are the most common complications of open approaches. Similarly, Graham et al 42 reported that alopecia (0%-10%), scarring (0%-6.7%), and dysesthesia (1%-2%) are the most common complications for open browlifts. Elkwood et al, 90 in a survey of 3534 open browlifts, identified alopecia (4.0%), reoperation (0.8%), scarring (0.8%), asymmetry (0.8%), and sensory loss (0.1%) as the top complications for open approaches. They also noted that the usual plane of dissection for open browlifts was subgaleal, followed by subperiosteal. Our study shows that the plane of dissection is dependent on the incision site and that the complications of open approaches differ according to incision site and plane of dissection.
The anterior hairline approach in the subcutaneous plane has the highest probability of alopecia (8.5%). It also has some probability of skin necrosis (1.8%), unacceptable scarring (2.1%), and paresthesia/dysesthesia (5.4%). This approach may be a viable option for patients who are less concerned about hair loss.
It has been speculated that coronal approaches are associated with a higher risk of complications owing to the greater degree of dissection, undermining, and lift. A recent review anecdotally identified paresthesia, alopecia, and hematoma as the most common complications. 91 In our study, coronal approaches had the highest rates of unacceptable scarring (2.5%-3.6%). Coronal incision in the subperiosteal plane is associated with the highest risk of injury to the frontal branch of the facial nerve (6.4%). Motor nerve injury is less likely to occur in the subgaleal plane (0.0%), perhaps due to the lesser degree of dissection. The coronal subgaleal technique may be appropriate for patients who are amenable to having unacceptable scarring (which occurred in 3.6%).
Unacceptable scarring also is a risk with coronal procedures in the subperiosteal plane (2.5%) and with anterior hairline techniques (2.1%). Unacceptable scarring is defined as surgeon-or patient-reported dissatisfaction with scarring and/or the need for scar revision surgery. Because most studies did not include data on scar length, appearance, visibility, or ease of excision, these parameters could not be evaluated.
Infection or abscess formation is unlikely to occur in any of the techniques studied (0.2%-0.4% incidence). The rate for ptosis recurrence or repeat surgery ranges from 0.3% with the anterior hairline subcutaneous approach to 2.4% with endoscopic subperiosteal browlifts.
Paresthesia/dysesthesia occurs most frequently with anterior hairline, midforehead, and endoscopic techniques. It is the second most common complication among all surgical browlifts. Guillot et al 92 compared postoperative forehead sensation for open (coronal and trichophytic with subgaleal dissection) and endoscopic (subperiosteal) browlifts and found that patients who underwent an open procedure had significantly less sensation than those who had an endoscopic procedure, and this finding persisted through 18 months of follow-up. No differences between the groups were observed after 18 months postoperatively. Regardless of surgical technique, very few patients reported that numbness would deter them from undergoing the surgery again.
Our findings do not suggest that open approaches are associated with a higher or lower risk of paresthesia/dysesthesia than endoscopic approaches. Substantial heterogeneity exists in the reporting of paresthesia in the literature. In some studies, it is considered to be a complication; in others, it is regarded as a normal postoperative finding. None of the studies in our review assessed the distribution of paresthesia/dysesthesia, nor did they specify which nerve injuries (eg, supratrochlear, supraorbital) caused the problem. The studies vary with respect to the threshold used for considering paresthesia to be a complication (eg, lasting more than 6 months). The severity of the paresthesia, and whether it was transient or prolonged, was not mentioned in most of the studies. Precise documentation of complications would be required for a clinically meaningful comprehensive analysis, especially for complications that have graded clinical presentations.
The development of new patient-reported outcome scales, such as the FACE-Q, 93 will be essential to standardizing the measurement of patient-perceived effectiveness of facial aesthetic surgery. The FACE-Q scale can be used to assess and standardize patient satisfaction with various outcomes, including facial appearance, quality of life, recovery, complications, and overall satisfaction with the process of care. 93 Similar scales are being developed for surgeons to assess the upper face. 94 Standardized scales should include a range of complications that are specific to surgical browlifts, to be assessed in a set manner at specified follow-up intervals.
Study Limitations and Strengths
A major limitation of our study is reporting bias. For instance, we do not know whether less-obvious complications (eg, vision changes) are rare, underreported, or less likely to be assessed during follow-up. Moreover, complications may be underreported if surgeons believe that such disclosure reflects poorly on their practice or if they perceive a "complication" to be a normal postoperative occurrence. Underreporting likely contributed to the paucity of complication data and probably was a source of error in our study. Although endoscopic browlifts were found to be associated with more complications than open procedures (Table 4) , it is not known whether this is true in reality. Trends in reporting complications may have changed over time, and the novelty and popularity of the endoscopic approach might have produced more reported complications. To clarify, despite having fewer endoscopic studies, more complication data were reported per study as compared with open approaches.
Because of the retrospective nature of this review, it was difficult or impossible to interpret the complications in terms of severity, duration, and meaningfulness to patients or surgeons. For example, dysesthesia may be minor and short lived (less significant), or it may be long lasting with persistent itching (more significant). In the present review, complication rates were interpreted as "all-or-nothing" phenomena, especially because there is no consensus as to what constitutes a "complication" or how to report complications, nor does a standardized scale exist for assessing complication severity among different studies. The authors of this review tallied only the complications that were assessed in the individual studies, along with the number of patients who experienced each complication.
Another limitation is that not all studies specified whether the patients were undergoing first-time or revision surgery and whether they received the browlift alone or in conjunction with other procedures such as blepharoplasty, midface rejuvenation, or a conventional facelift. The present study did not examine extent of dissection, fixation methods, closure techniques, variability of followup, patient demographics, differences in surgical skill/ experience, or differences in surgeon or patient thresholds for reporting of complications. Moreover, it was impossible to determine whether the complications were reported by the patient or the surgeon.
This study did not assess other outcomes related to browlift surgery, such as longevity of results, degree of brow elevation, recovery time, cost-benefit data, patient satisfaction, or quality of life. Another limitation is the exclusion of articles that were not published in English.
Most studies of surgical browlifts describe complications in a general sense but do not include specific data. Therefore, numerous studies could not be included in this review. Some of those reports simply stated that complications did not occur but did not indicate which complications were assessed. Few studies specified follow-up times or included a complete list of the complications assessed by the surgeon. In addition, there was substantial heterogeneity in the reporting of complications.
Despite these limitations, we believe that our study is the most up-to-date, comprehensive, and well-designed systematic review of the literature on browlift complications. Bias was minimized because the literature searches, study selection, and data collection were performed by 2 independent reviewers. Another strength of this study is our use of the most optimal method of analysis-a random-effects model-which accounts for the heterogeneity inherent among case series.
Advocating one method as "superior" to another would be inappropriate until the time comes when investigators clearly describe their patients, study designs, surgical techniques, follow-up assessments, and outcomes-and until complications are evaluated by independent assessors. The standardization of complication assessments will result in more accurate complication rates.
COnCLusiOns
Complications and their rates of occurrence vary according to incision site and plane of dissection. Although all types of open and endoscopic browlifts are associated with complications, it appears that a larger variety occur from endoscopic techniques. To fully understand the risk-benefit profile of the various browlift techniques, it will be essential to examine many factors, including brow position, longevity of outcomes, costs, recovery time, and standardized quality-of-life scores (eg, FACE-Q). The findings of this study should be interpreted with caution due to the various limitations. A well-designed comparative study is warranted to further evaluate the complications of surgical browlift techniques. 
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